Objective: To test the hypothesis that promoting breakfast cereal consumption, as part of a web-based programme, results in loss of body mass. Methods: Single centre, single blind, randomised parallel study. Test group followed a fully interactive website (B) with 'prescribed' breakfast cereals. Control group followed website (A) giving standard advice on weight loss. Study site visits at 0, 4, 12 and 24 weeks for measurements of height, weight, skinfolds, body fat, waist and hip circumference. 180 subjects were randomly allocated to two equal groups. Subjects were in good health and aged 19-50 years, with a BMI ranging from 25-40 kg/m 2 . At baseline there was no difference in mean age or BMI between the two groups. Results: The percentage change in body mass loss was greater when following website B than website A (n = 90; ITT repeated measures p = 0.013). For completers (website A: n = 62, website B: n = 64), the percentage change in body mass loss was also greater for website B than website A (repeated measures p = 0.023). Conclusion: The advice and motivation offered by an interactive website, including provision and consumption of breakfast cereals, results in significantly greater loss of body mass compared to the use of a standard website. It is not possible to discern which of the three factors is responsible.
Introduction

Background
The causes of obesity are manifold; therefore a multi-factorial approach is required to tackle the problem, and there is no 'one size fits all' approach. Many of the causes have cultural and environmental issues; attempts to reduce body weight need to consider each individual lifestyle factor [2] .
Importance of Eating Ready to Eat Cereals for Weight Management
There is growing consistent evidence from cross-sectional studies in adults and children [3] [4] [5] [6] [7] that those who eat ready to eat cereals (RTEC) for breakfast are slimmer than those who do not. To date there is limited, but emerging evidence for any plausible biological mechanism that would point to it being a causal relationship, but there is new intervention research that indicates that there is something worth investigating in the effect of the breakfast cereal meal [8] . We therefore wanted to test whether following an interactive website with RTEC provided as prescribed by the website could help weight loss. Our strategy was to test this website against a control website that delivered standard information and motivation on weight loss.
Websites Offering Support with Weight Management
The value of support groups for weight loss has been acknowledged for many years [9] , but now increasing technological advances are making digital support opportunities in the weight loss market more widely available for the general population.
A 2011 review [10] of nine randomized controlled trials examined internet-delivered weight loss and maintenance programmes which were published in peer-reviewed papers. The trials showed results ranging from no weight loss [11] to an average loss of 7.6 kg [12] . The authors concluded that 'It is difficult to draw a definitive conclusion on the potential impact of Internet-based weight loss as study methods are highly variable between papers, low adherence was recorded and not all studies include a control group'. All studies in this review were conducted in USA, except one in UK [11] . It concluded that strategies need to be explored to improve engagement in online programmes.
A meta-analysis [13] has also been published which included 23 studies comparing web users with non-web user control groups. The authors concluded that the internet component in obesity treatment programmes has a modest effect on weight control. However, the effect was inconsistent, largely depending on the type of usage of the internet or the period of its use. A consistent finding among all studies was that subjects complying with the web-based instructions lost more weight than those who did not.
A very recent systematic review of 14 weight loss studies and 4 weight maintenance studies [14] showed that, compared to no intervention or minimal interventions (pamphlets, usual care), interactive computer-based interventions are an effective intervention for weight loss and weight maintenance. However, compared to in-person interventions, interactive computerbased interventions result in smaller weight losses and lower levels of weight maintenance.
The last few years has seen a burgeoning of education and support materials delivered through websites. The internet is fast emerging as a feasible, cheap and effective means to deliver weight management programmes to the general public. In particular, there are now many more opportunities for interactive activity and more attractive features to enhance interest in participation on websites. Further, interactive website applications on 'smartphones' means that information and motivational factors can be accessed anywhere at any time. Therefore we were keen to see if all these new web-based interactive techniques, combined with encouragement to eat RTEC at breakfast, could deliver a weight loss programme which helped compliance and aided weight loss.
Hypothesis and Objective
Our hypothesis was that use of a customised weight loss website (which advocates breakfast eating) can cause significant and long-term body mass and body fat loss which is greater than that when using a standard weight loss website. Therefore our research question was 'Does eating breakfast (cereal) as part of the 'MySpecialK' weight loss website cause significant and long-term body weight and body fat loss?' Our primary outcome was body mass.
Material and Methods
Pilot Study
The aim of the short uncontrolled pilot study was not only to evaluate the effect of support provided by the 'MySpecialK' website upon body composition but also to provide in-depth feedback regarding the use of the website.
Subjects were female (n = 8), aged 24-26 years with a mean BMI of 29.8 kg/m 2 . A dietary analysis consisting of an interview and food frequency questionnaire was completed during the pre-test interview. The participants were provided with bathroom scales to self-monitor their weight over the study duration and also with kitchen scales so they would be able to measure the amounts of foods prescribed by the website. The intervention took place over 8 weeks, split into two 4-week phases. Body composition was assessed by dual energy X-ray absorptiometry (DXA), bio-electrical impedance analysis (BIA), girth measurements and skinfolds at baseline, 4 and 8 weeks.
At the end of 8 weeks, all subjects reduced their body mass (mean -2.7 kg; range -0.4 to -6.5), BMI (mean -1.0 kg; range -0.2 to -2.3)., fat mass (mean -2.4 kg; range -0.4 to -5.3), % fat mass (mean -1.6%) and waist circumference (-3.4 cm). This pilot study gave information on how the website was being used and indicated that the decrease in body mass is mainly a result of body fat loss rather than water loss.
Participants in Main Trial
Sample Size
The sample size calculation assumed a two-sample t-test, 5% significance level and 80% power. To have an 80% chance of detecting a standardised difference of 0.50 (with a two-sided significance level of 5%) 64 subjects per treatment group were required to complete the study. An attrition rate of 30% was assumed (based on the review of other website intervention trials [10] and our pilot study); thus a total of 182 subjects were required for this study.
Recruitment
Subjects were recruited from the general public via the Intertek CRS Volunteer Database. The study population were healthy female volunteers, aged 18-50 years, who were actively seeking to lose weight, but who were not currently using a commercial diet plan. 240 subjects were screened and 180 subjects were recruited to the study. Those who completed the study, attending 6 visits in total, were given a reward of GBP 250.00 to compensate them for their time and inconvenience. The reward was of course the same regardless of which group they were randomly allocated to; however, only those in the test group received cereal, as per the study design.
Inclusion and Exclusion Criteria for Subject Selection
Eligibility criteria included having a BMI in the range of 25-40 kg/m 2 ; having internet access at any time of the day and being able to read and write English (for purposes of accessing websites and completing questionnaires). Exclusion criteria included subjects who were pregnant or lactating (self-reported) or taking inadequate precaution to prevent pregnancy, concurrent participation in any other research study involving a weight management system, previous or current use of the 'My Special K' website, current use of a commercial dietary plan or participation in any other study involving research into weight management systems, nutritional products, nutritional supplements and/or medications (prescription or OTC) during the previous 4 weeks. We also excluded subjects if they had have lost more than 3 kg in the last 3 months or ever had any condition such as diabetes or digestive disease which, in the view of the investigator, could interfere with optimal participation in the study.
On confirmation of informed written participance and consent, a baseline appointment was scheduled for each eligible participant where baseline measurements were taken and baseline questionnaires completed. Recruitment into the trial took place between July 11, 2010 and February 2, 2011.
Randomisation Sequence Generation
To minimise bias, the two interventions were randomly allocated to subjects according to the randomisation list which was generated using a statistical software package (SAS version 9.2). No stratification was used for the randomisation list.
Blinding
Due to the nature of the trial and the intervention, it was not possible to blind the participants to the group assignment. However, the assessors at the study centre remained blind to the allocated intervention throughout the duration of the live-phase of the trial.
Allocation Concealment Mechanism
All randomised subjects were allocated to either the 'MySpecialK' website or the standard advice website. Subjects were assigned a randomisation number (from 001 up to 180) in the chronological order of inclusion at day 0.
The intervention codes were assigned by the Kellogg Company. Written records of the codes were maintained in sealed envelopes (code breaks). Two code breaks were supplied -one for the CRO to be maintained on the study file and one to be held by The Kellogg Company. The intervention codes were used by designated personnel during the course of the study to ensure that subjects were allocated cereal correctly. The codes were broken by the sponsor once the database had been locked and prior to the statistical analysis although the assessors did not know whether website A or B was the 'MySpecialK' website.
About the Test and Control Websites Test Site (B)
The test site ( www.MySpecialK.co.uk ) was designed to be a fully interactive online weight loss programme that offered personal advice to maximise the chances of reaching a specific weight loss goal. The site creates a personal meal plan, always including breakfast, for each individual based on their lifestyle and needs. The functions include a food diary which enables the subject to monitor how well they are sticking to the plan, a record of any food swaps, a shopping function so that they can order the necessary items to follow the meal plan and a handy eating out guide.
The website also offers a range of tracker functions which include a weight tracker, an emotional tracker, a waist tracker and an exercise tracker. The main interactive features include the buddy system, the forum and an interactive BMI calculator. The site also offers expert advice around snacking, nutrition, fitness, fashion and everyday advice and the news pages update to give new articles relevant to the time of year. To make the meal plans and site as accessible as possible, the test site offers a smartphone application, so subjects can keep check at all times, wherever they are. The subjects in the test group had a supply of RTEC and snacks continually throughout the study.
Control Site (A)
The control site was designed to provide standard dietetic advice on weight loss. It offers general advice around 4 subject areas; Guide to healthy weight loss, top tips for weight loss, food advice and exercise advice. These topics talk about areas in the diet that people can focus on to make key changes that will help them lose weight such as portion control, how to stay on track with weight loss when eating out and simple exercises that can be incorporated into the daily routine. It also explains the advantages of a food diary and how to keep a detailed record of all the food and drinks consumed each day. No specific advice was given concerning breakfast eating.
The control site started off with a range of only 7 calorie-controlled recipes that the participants could use but a new monthly recipe to keep the participants engaged and interested in the site was soon introduced. The control site offered an interactive BMI feature which allows the participants to calculate their baseline BMI. None of the literature (except the recipes) was updated, and participants were not able to record their BMI score online but were encouraged to log and monitor their own weight and BMI.
Outcomes
Anthropometry measurements: height (m), weight (kg), waist circumference (cm -measured half way between iliac crest and lower rib), hip circumference(cm -measured at the widest part), skinfold thicknesses at four sites and the determination of body fat by air displacement plethymography (BodPOD) were taken at baseline and after 4, 12 and 24 weeks. The frequency of website logins was summarised at week 24.
Trial Design
This study was a single centre, single-blind, randomised, parallel design, within-subject comparison study.
The intention-to-treat (ITT) analysis population was defined as all subjects who were randomised to a website and had baseline data. Missing data for ITT population was imputed using last observation carried forward (LOCF).The completer population was defined as all subjects who were randomised and completed the 24-week study period. Figure 1 shows the trial design.
Interventions
Subjects entered a 24-week treatment period using either the control (A) or test (B) website on a regular basis and following the instructions given by the allocated site.
At visit 0, a standard operating procedure was used to instruct the subjects in each group. All baseline measurements were taken at this visit.
All participants were provided with bathroom scales in order to input their own data into the website and to self-monitor over the study duration. Participants were also provided with kitchen scales, so they were able to measure the amounts of foods prescribed by the websites.
Those assigned to website B were provided with a controlled amount of breakfast cereal and cereal snacks and told only to consume them as instructed by the website. They were provided with additional foods at day 15 and at 4 and 12 weeks. Subjects were advised that they could collect additional food at week 8, week 16 and 20 from the centre. Food was only provided in amounts that would be prescribed by the website in a 4-week period. At month 3, subjects were given the opportunity to take 3 months of cereal with them to avoid them having to visit the study site solely to collect product.
Participants returned to the study centre after 15 days, 4 weeks, 12 weeks and 24 weeks for measurements. 
Statistical Methods
The statistical analysis was conducted using a software package (SAS version 9.2). All analyses used a two-sided test and 5% significance level. Differences in baseline characteristics between the two groups used a 2-sample t-test. The Wilcoxon two-sample test was used to test the null hypothesis that the two websites did not significantly differ in terms of the percentage change from baseline at week 24. The percentage change from baseline, across time, was compared between websites using repeated measures analysis of variance (ANOVA).
For the ITT analysis, LOCF was applied to impute missing data. Figure 2 shows that, of those who completed the trial, 62 were in the group following website A and 64 in group B. Most subjects dropped out because they did not wish to participate and undertake the intervention. Most of the attrition occurred in the first 12 weeks (website A dropout = 23/90 (25.6%); website B dropout = 24/90 (26.7%)). The ITT population (n = 90 on websites A and B) and the completer population at week 24 were analysed (website A n = 62; website B n = 64). Table 1 shows that there were no significant differences in the baseline anthropometric and body composition characteristics of the participants in the control (website A) and test (website B) groups. There were also no statistically significant differences between the subjects following the two websites (A and B) with respect to waist measurements (cm), hip measurements (cm), waist-to-hip ratio or waist-to-height ratio at baseline.
Results
Participant Flow
Baseline Data Anthropometric and Body Composition
Furthermore, there were no statistically significant differences with respect to skinfold thickness (triceps, biceps, subscapular and supra-iliac) between website A and website B (data not shown).
Compliance
The protocol stated that subjects should login at least once a week (i.e., at least 4 times a month). Over the 24-week period, there should be at least 24 logins for each website if subjects had fully complied.
Four subjects (all on website B) had an extreme number of logins (more than 3 SDs away from the mean) over the 24-week period (i.e., 70 or more logins) -these extreme outliers were excluded from the analysis.
For test website B, the median number of logins over 24 weeks was 29 (range 1-63) compared to a median of 12 (range 2-59) for website A. On average, across the 24-week period, subjects randomised to website A did not adhere to the protocol requirements of logging in at least once a week, whereas, on average, subjects randomised to website B did comply with the protocol requirements, particularly in the first 3 months. 
Outcomes on Body Composition and Anthropometrics
We analysed the anthropometric and body composition data in two ways; in those who completed the trial ('completers') and also on an ITT basis. Table 2 ) After 24 weeks, subjects who followed test website B lost significantly more body mass than subjects following website A (repeated measures p = 0.0234). Those following website B lost an average of 2.5 kg (3.1% loss from baseline, BMI decrease of 0.9 units) and those following website A lost an average of 1.3 kg (1.5% loss from baseline, BMI decrease of 0.5 units).
Completer Analysis (see
Fat mass decreased by an average of 2.9 kg (8.0% loss from baseline) for those following website B compared with a decrease of 2.0 kg (5.3% loss from baseline) for those following website A. Subjects who followed test website B reduced their hip circumference significantly more than subjects following website A (repeated measures p = 0.0013). Those following website B lost an average of 2.36% from baseline and those following website A lost an average of 0.42% from baseline. The waist-to-hip ratio fell from 0.90 to 0.84 for website A and from 0.90 to 0.85 for website B. The waist-to-height ratio for website A fell from 0.61 to 0.57 and for website B from 0.62 to 0.57.
We also analysed the fat mass as a percentage of body mass (% body fat) in each subject at baseline and after 24 weeks. We then calculated the % change in the % body fat composition and compared the changes between websites (not shown in table) .
At baseline the mean % body fat was 44.99% (SD = 4.85%) for test website B and 43.63% (SD = 5.92%) for control website A. The % body fat decreased by an average of 2.34% (SD = 2.71%) for those following website B compared with a decrease of 1.72% (SD = 2.12%) for those following website A.
ITT analysis ( Table 3 )
After 24 weeks, subjects who followed test website B lost significantly more body mass than subjects following control website A (repeated measures p = 0.0128). Those following website B lost an average of 1.9 kg (2.4% loss from baseline, BMI decrease of 0.7 units) and those following website A lost an average of 1.0 kg (1.1% loss from baseline, BMI decrease of 0.4 units).
Fat mass decreased by an average of 2.2 kg (6.1% loss from baseline) for those following test website B compared with a decrease of 1.4 kg (3.6% loss from baseline) for those following control website A.
Subjects who followed website B reduced their hip circumference significantly more than subjects following website A (repeated measures p = 0.0045). Those following website B lost an average of 1.69% from baseline and those following website A lost an average of 0.38% from baseline. The waist-to-hip ratio fell from 0.90 to 0.86 for website A and website B. The waist-toheight ratio for website A fell from 0.61 to 0.58 and that for website B from 0.62 to 0.58.
At baseline the % body fat was 45.08% (SD = 4.78) for those following website B and 44.33% (SD = 5.62) those following website A. The % body fat decreased by an average of 1.74% (SD = 2.49) for those following test website B compared with a decrease of 1.16% (SD = 2.01) for those following control website A. 
Time Course of Weight and Fat Mass Losses
Figures 3 and 4 illustrate the percentage changes in body mass and fat mass for those following websites A and B who completed the trial. These figures include the results after 4 and 12 weeks, as well as those after 24 weeks, and show that, although body and fat mass continue to fall steadily after 12 weeks in those following website B, they slow down in those following website A.
Withdrawn Population
A total of 28 (31.1%) and 26 (28.9%) subjects withdrew from control website A and test website B respectively. The average change in body mass from baseline to point of withdrawal was 0 kg (0% change from baseline) for website A compared to an average loss in body mass of 0.2 kg (0.6% loss from baseline) for website B. The average change in fat mass from baseline to point of withdrawal was 0.1 kg gain (0.1% gain from baseline) for website A compared to an average loss in fat mass of 0.5 kg (1.3% loss from baseline) for website B.
Harms
No important harms or unintended effects were noted in either group. In total there were 46 adverse events across 39 subjects (18 events across 16 subjects on control website A and 28 events across 23 subjects on test website B).
Discussion
Comparison of our Design and Results with Others Design
Our study compared the efficacy of two website programmes for weight loss. In fact only a few of the previous studies were designed so that the control subjects were also following a web-based programme [ e.g. [15] [16] [17] In another case, a basic and an enhanced web-based programme were both tested against each other and a control group who were on a waiting list [18] .
Control subjects not following a website programme were very often following 'usual care ' [ e.g. 11, 19, 20] . In general 'usual care' means no treatment; they are simply a group of people who continue with their normal life, many on a wait list, who expressed a wish to lose weight in order to meet the inclusion criteria of the study. Some were following manuals [ e.g. 21] or receiving personal counselling [12, 22] . Some large studies reporting results of internet weight loss programmes used data from reference groups as comparison control groups [23] .
The importance of an 'attention control' group which ensures this group receives similar treatment to the test group apart from just one aspect of the intervention is now recognised in the design of RCTs. Both websites in our trial gave similar information about general diet and weight loss, but test website B had more interactive features, and followers were provided with RTEC. Thus our control group can be described as a partial 'attention control' group.
Size and Length
Our study was sufficiently powered with 180 subjects and was larger than others. However, two recent trials had more than 400 subjects [24, 25] .
Our study took place over 24 weeks, as did several others [19, 24] . The duration of other published studies has ranged from 12 weeks [20, 26, 27] to 1 year [11, 21, 25] .
Content of Test Website and Compliance
There were 3 main differences between our two websites. First was the extra encouragement to eat breakfast and second was the provision of RTEC to those following the test website B. Benefits of eating RTEC are that they are a nutrient-dense food; they are low in fat and they are fortified with vitamins and minerals. To our knowledge this is the first trial to test these two components, even though their individual effects could not be separated. We were particularly keen to see if a combination of the two interventions could be effective.
The third main difference was that website B contained many more interactive features than website A. Our subjects were asked to self-monitor; patterns of online self-monitoring have also been shown to be strongly associated with weight loss outcomes [28] .
Frequency of logins showed that compliance was better with our test website B than with the control website A. Other authors have found that weight loss in an online weight control programme was related to dynamic web features that provided feedback, support and motivation to participants [29] . Our test website provided all of these features and this could explain the difference in compliance.
About Results
The magnitude of weight loss we demonstrated over 24 weeks was smaller than that reported by Harvey-Berino et al. [24] and similar to that of Hunter et al. [19] . We did however report larger weight losses than the only other reported UK trial which did not find a significant difference between the website users and control groups [11] . Most importantly, we demonstrated a significant difference in percentage change from baseline in body mass and BMI by completer analysis and by ITT analysis.
Changes in fat loss, although not achieving statistical significance, were enough to convince us that the body mass loss was due more to fat than water. Only two of the previous trials measured body fat as well as body weight [19, 30] . Hunter et al. [19] used a bioelectrical impedance method and showed that completers lost 0.4 kg of body fat after 6 months. We also calculated change in % body fat over the 24 weeks, and it was encouraging to see that those following website B showed a greater decrease than those following website A.
Strengths
Our study had a randomised design with rigorous randomization procedures; ITT analysis as well as completers analysis was performed; comprehensive primary and secondary outcomes were assessed including objective measures of adiposity, outcomes assessed by blinded researchers, and follow-up assessments up to 24 weeks after the immediate post intervention. Our study had retention rates which were forecast from our pilot study and other similar trials, and thus it had the power to detect significant differences.
It is important to establish both body weight and body fat loss to ensure that weight loss is due to fat loss and not just to water loss. Therefore, we included body fat measurements by a displacement method in our trial, and we were able to demonstrate true fat loss and show its time course ( fig. 4 ).
Our anthropometric measures added further information to that from body mass alone. The waist-to-height ratio which is becoming increasingly popular as an indicator of cardiometabolic risk [8] decreased, indicating that central obesity had been slightly reduced. We are unable to explain why hip circumferences decreased significantly, whereas waist circumferences did not.
Limitations
One of the limitations of our study was that the subjects were not blinded to the intervention. Although both test and control subjects were getting all their advice about weight loss through the website they were following, followers of website B had more interactive activity and were provided with RTEC products as prescribed by the website -hence our description of the control subjects as 'partial' attention controls.
As mentioned above, this was the first trial to test a website intervention with prescribed RTEC. Unfortunately we have no way of knowing if the improved results obtained with website B were obtained because RTEC was included or whether the website itself was more motivating.
Generalisability and Interpretation
We believe that our trial has helped to support results about two aspects of weight loss. First they support other studies and reviews which show how web-based programmes need to be as interactive as possible to result in compliance and weight loss [14] . In person delivery of behavioural weight loss advice can still produce better results than internet delivery alone [24] , but the rapid development of mobile applications will allow further interactivity for even more creative and cheaper programmes.
Secondly, our trial results support the findings of other cross-sectional studies which show that people who eat breakfast cereals tend to be slimmer than those who do not [4] . The mechanisms for this association are still being sought [8] , but the combination of eating RTEC and following an interactive website appear to help in achieving weight loss.
Because the two websites differed in three aspects, the advice to eat breakfast, the provision of RTEC and the interactive features, we cannot say categorically which factor was responsible for the extra weight loss in those following website B. A combination of all three factors is the most likely explanation.
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